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Abstract 


The  development  and  potential  use  of  aluminum-armor  alloys  in  the  design  and 
construction  of  combat  vehicles  has  been  repeatedly  scrutinized  as  the  military 
continually  pushes  toward  lightweight,  mobile,  and  more  deployable  forces.  In  doing  so, 
it  is  necessary  to  fully  characterize  and  understand  the  engineering  material  properties  and  ^ 

the  ballistic  resistance  of  any  prospective  material.  Aluminum  2519  (A12519)  was 
developed  nearly  20  years  ago  as  a  high-strength,  heat-treatable  alloy  with  excellent 
ballistic  performance.  This  alloy  was  not  utilized  extensively  beyond  the  experimental  > 

phase  and  as  such  has  not  been  continually  produced  by  the  aluminum  industry. 

Therefore,  when  the  utilization  of  this  alloy  recently  became  expected,  questions  arose 
about  the  ability  of  the  suppliers  to  reproduce  the  same  product  that  had  been  developed 
in  the  past.  As  part  of  the  ensuing  analysis,  the  engineering  properties  and  the  chemical 
and  ballistic  resistance  of  the  alloy  required  validation.  Additionally,  work  needed  to  be 
performed  to  verify  that  the  alloy  and  its  various  heat  treatments  were  feasible  for  joining 
in  the  construction  of  armored  vehicles.  Several  common  heat  treatments  were 
characterized,  in  addition  to  the  most  common  weld  joints  presently  designed  by  Team 
Crusader. 
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1.  Introduction 


1.1  Materials  Characterization.  The  FY99  program  objectives  were  accomplished  by 
substantiating  the  values  of  the  material  properties  of  the  A125 1 9  base  metal,  heat  treatments,  and 
weldment  mechanical  properties,  and  by  specifically  addressing  weldment  toughness  and  stress 
corrosion  cracking  (SCC)  in  the  weldment  and  heat-affected  zones  (HAZs).  A  good  deal  of 
mechanical  property  data  was  previously  published  for  this  material.  This  work  made  an  attempt 
to  validate  the  existing  data  and  fill  in  some  of  the  pertinent  data  voids.  Several  proposals  were 
provided  to  the  U.S.  Army  Tank- automotive  and  Armaments  Command  (TACOM)  by  the 
U.S.  Army  Research  Laboratory  (ARL)  to  address  these  issues.  TACOM,  United  Defense 
Limited  Partnership  (UDLP),  and  General  Dynamics  Land  Systems  (GDLS)  agreed  on  a  subset 
of  those  proposals.  This  involved  limited  tensile  and  corrosion  testing  and  somewhat  more 
extensive  fatigue  testing.  An  evaluation  of  the  corrosion  resistance  was  critical,  including  SCC 
of  both  the  T6  forging  base  plate  and  the  weld/HAZ  of  the  various  heat  treatment/alloy 
combinations  to  be  utilized. 

1.2  Ballistic  Characterization.  To  deliver  the  best  products  to  the  soldier,  requirements  are 
specified  and  quality  assurance  provisions  (or  verification  or  certification)  are  developed  that 
provide  the  accept/reject  criteria  for  determining  whether  the  U.S.  Government  will  use  an  item. 
The  two  ballistic  standardization  documents,  MIL-STD-1946  [1]  and  MIL-A-46192  [2],  had 
voids  that  needed  to  be  addressed.  The  ballistic  characterization  effort  was  divided  into  two 
parts: 


•  Part  A:  develop  acceptance  criteria  (striking  velocities)  for  weldments,  and 

•  Part  B:  develop  two  ballistic  acceptance  tables  for  MIL-A-46192  [2]  and  incorporate  them 
into  the  specification  via  an  amendment,  and  retitling  the  specification  MIL-DTL-46192. 

1.2.1  Part  A.  The  Part  A  effort  concentrated  on  updating  MIL-STD-1946  [1]  (a  canceled 
document)  by  adding  striking  velocities  for  15-,  20-,  25-,  30-,  35-,  and  50-mm-thick  A12519  base 
plate.  The  57-mm  Ml 001 A  plate-proofing  projectile  was  proposed  for  thicknesses  between 
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15  and  25  mm.  The  75-mm  M1002A  plate-proofing  projectile  was  proposed  for  thicknesses 
between  30  and  50  mm.  Both  projectiles  are  made  of  aluminum.  The  A12519  material  utilized 
was  supplied  by  the  Office  of  the  Program  Manager  (OPM). 

1.2.2  Part  B.  The  Part  B  effort  also  utilized  a  canceled  document,  MIL-A-46192  [2]; 
however,  the  standardization  group  that  governs  the  upkeep  of  documents  was  persuaded  to 
reinstate  the  specification  after  much  discussion.  The  reinstated  document  was  designated 
MIL-A-46192  [2],  The  two  required  tables  that  needed  to  be  generated  were  specified  by  the 
OPM  so  that  material  could  be  bought  and  accepted  up  to  4.000  in.  These  included  both  the 
ballistic  limit  of  A12519  vs.  the  0.50-cal.  projectile  for  1.5-3.0-in  thickness,  and  the  ballistic  limit 
of  A12519  vs.  the  14.5-mm  BS41  projectile  for  3.0-4.0-in  thickness. 

1.3  Program  Objectives.  This  work  encompassed  the  agreed-upon  revisions  to  the 
previous  package  submitted  to  OPM  Crusader  on  30  June  1998.  Changes  were  incorporated  to 
more  effectively  address  the  Crusader  requirements.  The  objective  of  this  effort  was  to  provide 
mechanical,  chemical  resistance,  and  ballistic  data  on  the  high-strength  A12519  base  plate  and 
weldments  of  some  heat  treatments  of  the  alloy.  The  mechanical  property  and  chemical 
resistance  data  were  suitable  for  the  material  certification  and  structural  design  of  the  vehicle’s 
chassis.  The  ballistic  information  will  fill  the  voids  in  the  ballistic  shock  database,  which  is 
required  to  address  the  welding  procedure  qualification  requirements  and  weldment  ballistic 
shock  loading  requirements.  Additionally,  ballistic  acceptance  criteria  were  developed  for  plate 
thicknesses  over  1.5  in.  The  data  acquired  will  be  used  for  determining  the  quality  and 
consistency  of  the  weld  procedure. 

2.  Procedures 

2.1  Mechanical  Property  and  Chemical  Resistance  Characterization  of  A12519.  The 

mechanical  characterization  was  performed  on  the  base  alloy  in  different  heat-treated  conditions, 
as  well  as  on  weldments  of  the  alloy  to  itself  and  to  other  aluminum  alloys.  Previous  studies  of 
this  material  have  produced  a  limited  database  of  material  and  weldment  properties.  This 
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program  attempted  to  validate  some  of  the  previous  data,  as  well  as  expand  the  information  to 
include  forgings  and  various  weldments.  The  test  matrix  in  Table  1  includes  the  following  types 
of  testing:  (1)  tensile  tests  at  room  temperature  and  300  °F,  (2)  rotating  beam  (R.  R.  Moore)  and 
dog  bone  fatigue  tests,  and  (3)  general  corrosion,  pitting  corrosion,  and  stress  corrosion  cracking 
characterization.  The  various  heat  treatments  and  weldments  of  the  material  investigated 
included  A12519-T6  plate  as  a  surrogate  for  T6  forgings,  A12519-T87  wrought  base  plate,  weld 
joints  for  A12519-T87  to  itself  using  A12319  filler  wire,  and  weld  joints  for  A12519-T87  to 
A12519-T6  forging  using  A12219  filler  wire.  Not  all  tests  were  performed  for  each  material 
configuration.  Again,  the  goal  was  not  to  redevelop  an  A12519  database,  but  only  to  fill  the 
voids  in  the  data  and  to  verity  the  suppliers’  ability  to  manufacture  products  similar  to  those  in 
the  past.  Table  1  lists  the  quantities  and  orientations  of  the  specimens  evaluated  as  part  of  the 
mechanical  and  chemical  resistance  characterization. 

The  material  configurations  were  representative  of  planned  sections  for  the  A12519  hull 
structure  in  the  Crusader  self-propelled  howitzer  (SPH)  and  resupply  vehicle  (RSV).  The  weld 
joints  were  representative  of  those  planned  for  the  fabrication  of  this  vehicle  system.  More 
detailed  descriptions  of  each  test  are  listed  in  the  following  sections.  The  mechanical  and 
corrosion  resistance  portion  of  the  program  centered  on  evaluating  four  combinations  of  alloys 
and  weldments.  The  mechanical  testing  was  limited  to  both  tensile  and  fatigue  testing  due  to 
cost  restrictions. 

Multiple-pass  automated  gas  metal  arc  welding  (GMAW)  was  utilized  in  joining  the 
weldments.  These  weldments  were  tested  in  two  orientations.  Longitudinal  specimens  were 
machined  from  a  single- V  joint  weldment  with  the  specimen  axis  parallel  to  the  weld  fusion  line. 
This  resulted  in  a  specimen  consisting  primarily  of  weld  metal,  although  the  appearance  of  HAZ 
material  might  be  possible,  depending  on  the  weldment  and  the  machining.  A  schematic  of  the 
cross  section  of  the  single-V  joint  weldment  is  shown  in  Figure  1.  Transverse  tensile  specimens 
were  machined  from  an  offset  double-V  joint  across  the  weld,  with  the  gauge  section  of  the 
specimen  containing  base  metal,  HAZ,  and  weld  metal.  A  schematic  of  the  cross  section  of  the 
double-V  joint  weldment  is  shown  in  Figure  2.  Weldments  were  measured  for  yield  strength 
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Table  1.  Material  Characterization  Test  Matrix  for  A12519  Forgings,  Plate,  and  Weldments 


Figure  1.  Single-V  Joint  Schematic  With  Longitudinal  Specimen  Orientation  (Not  to 
Scale). 


Figure  2.  Double-V  Joint  Schematic  With  Transverse  Specimen  Orientation  (Not  to 
Scale). 


(YS),  ultimate  tensile  strength  (UTS),  percent  elongation,  and  reduction  in  area 
(RA)  in  both  directions.  Longitudinal  tensile  elongation  was  recorded,  although  this  is  not  a  true 
measure  of  weldment  ductility  due  to  the  nonhomogeneity  of  the  specimen  in  that  orientation. 
The  critical  measure  of  weldment  ductility  was  evaluated  under  the  ballistic  shock  portion  of  this 
work.  Six  room-temperature  specimens  from  each  orientation  were  tested  for  the  A12519-T87 
weldment  to  itself,  along  with  two  elevated  temperature  tests.  Two  room-temperature  tests  were 
performed  for  the  A12519-T87  welded  to  the  A12519-T6  forging  in  the  longitudinal  direction, 
which  isolated  any  ductility  loss  in  the  weld. 

2.1.1  Tensile  Testing.  Tensile  tests  were  performed  according  to  established  standards,  such 
as  ASTM-E-8  [3]  and  AWS-B-4.0  [4],  for  the  A12519-T6  forgings  and  weldments,  respectively. 
Six  specimens  were  tested  for  the  forgings  in  each  orientation,  four  at  room  temperature  and  two 
at  300  °F.  Two  samples  were  reserved  as  spares  for  each  orientation.  The  tensile  specimens 
were  tested  with  full  stress-strain  to  failure.  The  data  acquired  included  YS,  UTS,  percent 
elongation  and  RA  in  the  longitudinal  and  transverse  orientations.  Figure  3  shows  a  schematic  of 
the  tensile  specimen  utilized. 
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Notes:  ( 1 )  Dimensions  in  inches. 


(2)  Tolerances,  unless  noted. 

Squareness  _L  Perpendicular  ±  0.001  TIR 
1 1  Parallel  ±  0.001  TIR 

(3)  Diameters  ®  Concentric  To  1-A-l  ±  0.001  TIR 

(4)  Fractions  ±  1/64 

(5)  Decimal  X.XX  ±  0.005 

X.XXX  ±  0.001 
X.XXXX  ±  0.0005 


Figure  3.  Tensile  Specimen  Schematic. 


2.1.2  Fatigue  Testing.  Rotating  beam  fatigue  tests  (R.  R.  Moore  type)  were  performed  for 
several  variants  of  A12519  in  both  the  longitudinal  and  transverse  direction.  Continuous-radius 
round-bar  specimens  were  tested  at  an  applied  load  ratio  of  - 1.0  to  a  run-out  limit  of  107  cycles. 
The  samples  reaching  the  run-out  limit  were  discontinued.  The  testing  was  carried  out  at  room 
temperature  on  Satec  R.  R.  Moore  machines  operating  at  a  rate  of  9,000  rpm.  Stress  levels  were 
chosen  to  produce  cycle  lives  between  105  and  107  cycles.  Material  configurations  included 
A12519-T6  forging  surrogate,  A12519-T87  plate,  and  weldments  between  A12519-T87  plates. 
The  forging  surrogate  and  weldment  testing  consisted  of  four  specimens  at  six  different  stress 
levels.  Stress  vs.  number  of  cycles  (S-N)  curves  were  derived  from  the  acquired  data.  An 
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appropriate  mathematical  model  was  used  to  develop  regression  curves  for  the  data.  The 
equations  derived  to  best  fit  the  data  are  depicted  on  the  individual  plots.  The  base  material  data 
was  verified  and  contrasted  with  the  previously  accepted  values  at  two  different  stress  levels. 
Bending  fatigue  data  were  also  generated  for  these  three  materials  after  the  specimens  were 
exposed  to  a  salt  fog  environment  for  100  hr.  This  testing  was  performed  in  accordance  with 
ASTM-B-1 17  [8],  and  it  provided  a  measure  for  the  effect  of  pitting  on  the  fatigue  life  for  these 
material  configurations.  A  schematic  of  the  rotating  beam  specimen  utilized  is  depicted  in 
Figure  4. 

Axial  fatigue  values  were  generated  using  a  rectangular  dog-bone  specimen  for  A12519-T87 
and  weldments.  The  goal  for  this  testing  was  to  evaluate  the  entire  throat  of  the  welded 
structure,  including  both  the  cap  and  root  passes.  This  type  of  testing  provided  information 
relative  to  the  weld  fatigue  life  that  a  machined  round-bar  specimen  masks.  The  base  material 
was  tested  to  provide  baseline  values  for  this  geometry.  Four  specimens  were  tested  at  two  stress 
levels.  S-N  curves  were  derived  from  the  acquired  data.  An  appropriate  mathematical  model 
was  used  to  develop  regression  curves  for  the  data.  The  equations  derived  to  best  fit  the  data  are 
depicted  on  the  individual  plots.  Schematics  of  the  axial  tensile  specimen  utilized  are  shown  in 
Figures  5  and  6  for  the  unwelded  and  welded  specimens,  respectively.  Specimens  were  obtained 
from  the  welded  plates,  as  depicted  in  Figure  7. 

2.1.3  General  Corrosion.  Three  coupons  of  A12519-T87  welded  to  itself  were  immersed  in 
a  solution  of  4.0-M  NaCl,  0.5-M  KC1,  and  0.1  -M  nitric  acid  for  96  hr  as  per  ASTM-G-34  [6]. 
Samples  were  examined  after  4,  24,  48,  72,  and  96  hr  of  exposure.  Several  panels  of  base 
material  were  evaluated  through  leveraged  efforts  of  other  ARL  programs. 

2.1.4  Pitting  Corrosion.  Coupons  of  A12519-T6  forging  surrogate  and  A12519  T87-T87 
weldments  were  exposed  to  a  5%  NaCl  solution  for  1,000  hr  per  ASTM-B-1 17  [8].  Coupons 
were  examined  following  1,  10,  100,  400,  and  1,000  hr  of  exposure  for  pitting.  Following 
exposure,  coupons  were  cleaned  and  re-examined. 
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Notes:  (1)  Dimensions  in  inches. 

(2)  Radius  may  be  changed  depending  on  gage  length. 

(3)  Taper  0.625  ±  0.005/ft  on  diameter. 

(4)  Centers  for  turning,  use  60°  included  angle  center  with 
maximum  diameter  of  center,  0.344  ±  0.005  diameter. 

(5)  1/4  -  20  tapped  holes  must  be  concentric  to  outside 
diameter  within  0.002  TIR. 

(6)  All  outside  diameters.  Must  be  concentric  to  center  line 
and  to  each  other  within  0.0005  TIR. 

Figure  4.  Rotating-Beam  (R.  R.  Moore)  Specimen  Schematic. 


Notes:  (1)  Dimensions  in  inches. 

(2)  Tolerances,  unless  noted. 

Squareness  1  Perpendicular  ±  0.001  TIR 
|  |  Parallel  ±  0.001  TIR 

(3)  Factions  ±  1/64 

(4)  Decimal  X.XX  ±  0.005 

X.XXX  ±  0.001 
X.XXXX  ±  0.0005 

Figure  5.  Axial  Fatigue  Specimen  for  Unwelded  Base  Material. 
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— 1.00 - 


and  cap 


Notes:  (1)  Dimensions  in  inches. 

(2)  Tolerances,  unless  noted. 

Squareness  i_  Perpendicular  ±  0.001  TIR 
1 1  Parallel  ±  0.001  TIR 

(3)  Fractions  ±  1/64 

(4)  Decimal  X.XX  ±  0.005 

X.XXX  ±  0.001 
X.XXXX  ±  0.0005 


Figure  6.  Axial  Fatigue  Specimen  for  Welded  Material. 


Figure  7.  Welded-Plate  Axial  Fatigue  Specimen  Orientation. 
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2.1.5  Stress  Corrosion  Cracking.  Twelve  samples  from  A12519-T6  forgings  were  evaluated 
for  SCC  susceptibility.  C-ring  specimens  were  produced  according  to  ASTM-G-38  [9]  and 
alternately  immersed  in  3.5%  sodium  chloride  solution,  as  specified  in  ASTM-G-47  [10].  A 
schematic  of  the  C-ring  specimen  is  shown  in  Figure  8.  Both  weldment  configurations  (T87-T87 
and  T87-T6)  were  evaluated  for  SCC  behavior  in  accordance  with  ASTM-G-44  [11]  using  a 
sandwich  weldment  specimen.  This  specimen  geometry  simulates  a  rigid  structure;  when  it  is 
subjected  to  a  corrosive  environment,  it  provides  a  screening  test  for  SCC.  GDLS  performed  all 
welding.  A  schematic  of  the  sandwich  weldments  is  depicted  in  Figure  9. 


Notes:  (1)  Dimensions  in  inches. 

(2)  Tolerances,  unless  noted. 

Squareness  i.  Perpendicular  ±  0.001  TIR 
1 1  Parallel  ±  0.001  TIR 

(3)  Fractions  ±  1/64 

(4)  Decimal  X.XX  ±  0.005 

X.XXX  ±  0.001 
X.XXXX  ±  0.0005 

Figure  8.  SCC  C-Ring  Specimen  Schematic. 


2.2  Ballistic  Characterization  of  A12519  Plate  and  Welds.  The  objectives  for  this  portion 
of  the  work  package  were  threefold. 

(1)  Standardize  the  base  plate  dimensions  for  the  ballistic  shock  test  used  for  determining 
the  critical  velocity,  that  is  to  be  subsequently  used  to  calculate  striking  velocities  for  the 
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Notes:  (1)  Dimensions  in  inches. 

(2)  Tolerances,  unless  noted. 

Squareness  _L  Perpendicular  ±  0.001  TIR 
1 1  Parallel  ±  0.001  TIR 

(3)  Fractions  ±  1/64 

(4)  Decimal  X.XX  ±  0.005 

X.XXX  ±  0.001 
X.XXXX  ±  0.0005 


3.0 

T 


T 


Figure  9.  SCC  Sandwich  Specimen  Schematic. 


weldment  specimens.  The  critical  velocity  is  defined  as  the  velocity  above  which  the 
base  plate  will  sustain  a  crack  of  12  inches  or  greater  when  subjected  to  the  aluminum- 
proofing  projectile  at  a  certain  confidence  level.  The  striking  velocity  is  the  acceptance 
velocity  for  the  qualification  of  weldments.  Traditionally,  this  is  calculated  by  taking 
90%  of  the  critical  velocity  for  the  base  plate.  However,  for  A12519,  the  lack  of  weld 
ductility  caused  weldment  failures  at  this  velocity.  A  minimum  of  four  ballistic  tests 
were  to  be  performed  on  each  of  seven  different  plates.  The  seven  thicknesses  planned 
were  0.50,  0.625,  0.75,  0.875,  1.00,  1.25,  and  1.50  inches. 


(2)  Develop  a  ballistic  property  database  for  plate  thicknesses  of  0.50,  0.625,  0.75,  0.875, 
and  1.00  in.  .This  information  was  used  to  obtain  striking  velocities  (acceptance 
qualification)  for  both  57-mm  and  75-mm  projectiles.  The  75-mm  projectile  is  depicted 
in  Figures  10  and  1 1.  A  minimum  of  five  thicknesses  with  12  ballistic  tests  per  thickness 
was  planned  for  testing.  The  intention  of  this  testing  was  to  verify  the  weld  procedure, 
not  the  appropriateness  of  specific  weld  designs  for  the  vehicle  structure. 
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Figure  10.  Disassembled  75-mm  Aluminum  Projectile. 


Figure  11.  Assembled  75-mm  Aluminum  Projectile. 


(3)  Expand  the  ballistic  limit  acceptance  data  for  thicker  sections  of  A12519.  Thicknesses 
were  tested  against  0.50-cal.  armor-piercing  (AP)  M2  and  14.5-mm  armor-piercing 
incendiary  (API)  BS41  threats.  Plate  thicknesses  were  1.50,  2.25,  3.00,  3.50,  and 
4.00  in.  The  data  developed  by  these  tests  were  used  to  expand  the  ballistic  acceptance 
tables  of  MIL-DTL-46192  [2], 

Ideally,  the  development  of  the  specification  curves  for  A12519  requires  three  different 
manufacturers,  each  providing  three  lots  of  material  in  three  different  thicknesses  within  the  two 
thickness  ranges  previously  discussed.  This  is  the  minimum  sample  size  to  address  lot-to-lot  and 
manufacturer-to-manufacturer  variances.  This  amounts  to  54  ballistic-limit  data  points.  The  test 
matrix  is  shown  in  Table  2. 


Table  2.  Ballistic  Curve  Development  Table 


No.  of  Plates  Required 

Plate 

Thickness 

(in) 

Obliquity 

(°) 

Threat 

Projectile 

Supplier  A 

Supplier  B 

Supplier  C 

3 

3 

3 

1.50 

0 

0.50-cal.  AP  M2 

3 

3 

3 

2.25 

0 

0.50-cal.  AP  M2 

3 

3 

3 

3.00 

0 

0.50-cal.  AP  M2 

3 

3 

3 

3.00 

0 

14.5-mm  BS  41 

3 

3 

3 

3.50 

0 

14.5-mm  BS  41 

3 

3 

3 

4.00 

0 

14.5-mm  BS  41 

The  ballistic  limit  for  each  of  the  data  points  needs  to  be  determined  by  the  method  of 
maximum  likelihood  from  12  test  rounds  fired  in  accordance  with  the  Langlie  method.  An 
appropriate  mathematical  model  was  used  to  develop  a  regression  curve,  where  the  values  of  the 
constants  in  the  curve  were  determined  using  the  method  of  least  squares.  The  curve  was  then 
utilized  to  generate  the  tables  in  Appendix  A.  The  minimum  acceptable  ballistic  limit 
requirements  were  theii  set  to  reject  5%  of  the  plates  submitted  for  “first  time”  lot-acceptance 
testing. 
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3.  Testing  and  Results 


3.1  Mechanical  Property  and  Chemical  Resistance  Characterization  of  A12519. 

3.1.1  Tensile  Testing.  The  tensile  strength  and  elongation  data  for  the  T87-T87  and  T87-T6 
weldments  and  the  T6  alloy  are  presented  in  Tables  3-5,  respectively.  The  specimen  number 
indicates  an  “L”  for  those  specimens  machined  in  the  longitudinal  direction,  and  a  “T”  for  those 
machined  in  the  transverse  direction. 

3.1.2  Fatigue  Testing.  The  R.  R.  Moore  rotating  beam  and  axial  fatigue  test  data  for  the 
T87-T87  weldment  and  the  T87  and  T6  alloy  base  plate  are  presented  in  Tables  6-10, 
respectively.  The  corresponding  graphs  are  presented  in  Figures  12-14,  respectively.  The 
100-hr  salt-fog-exposed  specimens  for  the  T87-T87  weldment,  the  T87  base  alloy,  and  the  T6 
surrogate  are  depicted  in  Figures  15-17,  respectively.  The  surface  details  of  these  respective 
figures  are  presented  in  Figures  18-20. 

3.1.3  General  Corrosion.  After  5  hr  of  exposure  to  the  sodium  chloride,  potassium  chloride, 
and  nitric  acid  solution,  all  three  T87-T87  coupons  had  small  bubbles  effervescing  from  the 
surface  and  had  caused  the  solution  to  cloud.  There  was  less  activity  at  the  weld.  Upon  closer 
inspection,  the  ends  of  the  coupon  had  darkened,  while  the  weld  and  heat-affected  zone  remained 
bright.  The  welding  material  was  A12319  for  these  weld  configurations. 

The  reaction  slowed  significantly,  and  a  reddish-brown  scale  formed  on  the  nonweld  portions 
of  the  coupon  after  24  hr.  The  scale  appeared  to  be  loosely  adherent.  Although  bubbles  formed 
on  the  welded  portions  of  the  coupons,  these  areas  remained  bright. 

( 

After  48  hr,  the  weld  began  to  tarnish,  while  a  reddish  product  formed  in  the  heat-affected  zone. 
The  reddish-brown  exfoliant  continued  to  form  on  the  rest  of  the  coupon.  The  panels’  appearance 
changed  only  slightly  after  72  hr.  There  was  more  of  the  reddish  product  on  the  weld  and  in  the 
heat-affected  zones,  and  more  of  the  reddish-brown  exfoliant  than  previously  observed. 
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Table  3.  Tensile  and  Elongation  Data  for  the  T87-T87  Weldments 
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Table  6.  R.  R.  Moore  Rotating-Beam  Fatigue  Data  for  the  T87-T87  Weldments 


Sample 

Measured 

Maximum 

Maximum 

Cycles  to 

Failure 

Machining 

No. 

Diameter 

(in) 

Stress 

(ksi) 

Load 

(lb) 

Failure 

Location 

Direction 

RRMT5 


RRMT7 

RRMT15 


RRMT16 


RRMT2 


RRMT13 

RRMT19 

RRMT22 


RRMT3 

RRMT10 


RRMT4 


T14 

T17 


RRMT8 

RRMT9 


RRMT21 


RRMT20 

RRMT6 


RRMT23 

RRMT24 


RRML22 


RRML23 

RRML8 


RRML9 

RRML19 


RRML24 

RRML2 


RRML3 


RRML13 

RRML17 


0.2513 

0.2515 

0.2515 


2,936,929 


969,744 

7,148,000 


7,304,500 

8,418,000 


269,8 

573.3 


gauge 


ge_ 

ge 


ge_ 

ge 


329,098 

2,202,291 


gauge 

gauge 


ge 


transverse 


transverse 

transverse 


transverse 

transverse 


transverse 


transverse 

transverse 


transverse 


transverse 


transverse 

transverse 


transverse 


transverse 

transverse 


ns 

0.2517 

24 

18.8 

1 

ga 

sve 

■ 

pH?T 

T1 

0.2515 

28 

21.9 

0 

_ ga 

sve 

RRML14 


453,490 


transverse 

transverse 

transverse 


omitted  for  fit 
omitted  for  fit 


omitted  for  fit 
omitted  for  fit 


longitudinal 


longitudinal 

longitudinal 


longitudinal 


longitudinal 


■EBTMIBflM 


longitudinal 


longitudinal 


longitudinal 


longitudinal 

longitudinal 


longitudinal 
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Table  6.  R.  R.  Moore  Rotating-Beam  Fatigue  Data  for  the  T87-T87  Weldments 
(Continued) 


Sample 

No. 


RRML11 

RRML15 

RRML18 

RRML21 

RRML7 

RRML12 

RRML16 

RRML20 

RRML6 

1 

RRML4 

1 

RRML5 

1 

SF8 

( 

to 


Measured 

Diameter 

(in) 


.2513 

.2519 


0.2520 

0.2514 


.251 

.252 


0.2518 


.2520 

.2516 


.2513 

.2516 


0.2511 


.2514 

.2515 


.2517 

.2514 


0.2512 

0.2513 


0.2513 


Maximum  Maximum  Cycles  to  Failure  Machining 
Stress  Load  Failure  Location  Directions 

(ksi)  (lb) 


ge 

longitudinal 

ge 

ge 

ge 

ge 

longitudinal 

ge 

longitudinal 

64,968 


32,128 

62,000 


10,000,000 

10,000,000 


1,664,000 


gauge 


gauge 

gauge,  at  pit 


discontinued 

discontinued 


radius 


longitudinal 


longitudinal 
omitted  for  fit 


omitted  for  fit 
omitted  for  fit 


salt  fog 


gai 

lge 

salt  fog 

gai 

ige 

salt  fog 

10,000,000  discontinued  omitted  for  fit 


Sample 

No. 


Table  7.  Axial  Fatigue  Data  for  the  T87-T87  Weldments 


Alternating  Alternating  Cycles  to  Failure  Machining 
Stress  Load  Failure  Location  Direction 

(ksi)  (lb) 


0.380135 

0.380135 


0.380058 

0.381542 


3 

0.379197  ' 

12.5 

4 

12.5 

2 

20 

1 

0.380807 

20 

7,616 


25,355 


HAZ 

HAZ 


HAZ 


axial  transverse 
axial  transverse 


axial  transverse 
axial  transverse 


axial  transverse 


axial  transverse 
axial  transverse 


axial  transverse 
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Table  8.  R.  R.  Moore  Rotating-Beam  Fatigue  Data  for  the  T87  Alloy 


Sample 

No. 


Maximum  Maximum  Cycles  Failure  Machining 

Stress  Load  to  Failure  Location  Direction 

(ksi)  (lb) 


RRML6 

RRML5 


RRML9 

RRML12" 


RRML14 


0.2516 

0.2518 


0.2516 


7,294,789 

10,269,000 


4,240,530 


3,645,000 

521,873 


gauge 


transverse 


transverse 

transverse 


RRML5 

mm 

34 

gauge 

transverse 

RRML3 

mm 

23 

18.1 

■SHfl 

discontinued 

omitted  for  fit 

10,000,000 

16,324,210 

7,952,762 


discontinued 

gauge 


gauge 


gauge 

gauge 


gauge 

discontinued 


discontinued 


omitted  for  fit 
longitudinal 


longitudinal 


longitudinal 

longitudinal 

longitudinal 

longitudinal 

longitudinal 

longitudinal 

fog 
fog 
fog 


g 


salt  fog 
omitted  for  fit 


omitted  for  fit 


0.256327 

0.255898 


0.256431 

0.254518 


0.253763 

0.254114 


7 

0.256325 

8 

0.248759 

Table  9.  Axial  Fatigue  Data  for  the  T87  Alloy 


Failure 

Location 


gauge 

gauge 


ge _ 

ge 


gauge 


gauge 


discontinued 


ge 


Machining 

Direction 


axial  transverse 
axial  transverse 


axial  transverse 
axial  transverse 


axial  transverse 


axial  transverse 


omitted  for  fit 


omitted  for  fit 
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Table  10.  R.  R.  Moore  Rotating-Beam  Fatigue  Data  for  the  T6  Alloy 


Sample 

No. 


ed 

Maximum 

Maximum 

Cycles  to 

Failure 

Machining 

;er 

Stress 

(ksi) 

Load 

(lb) 

Failure 

Location 

Direction 

RRMT13 

iW 

RRMT5 

RRMT6 

0.2518 

RRMT20 

E 

.251 

12 

RRMT20 

E 

.251 

15 

RRMT12 


RRMT19 

RRMT24 

RRMT3 


RRMT8 

RRMT11 


RRMT21 

RRMT9 


RRMT14 


RRMT18 

RRMT23 


RRMT1 

RRMT7 


RRMT16 

RRMT17 

RRML7 

RRML3 

RRML6 

RRML15 

RRML1 


RRML4 

RRML13 

RRML5 

RRML9 

RRML18 

RRML22 

RRML23 


3 

3 


0.2515 

0.2514 


0.2517 

0.2517 

0.2517 

0.2511 

0.2514 

0.2518 

0.2519 


8,700,000 

6,873,000 

8,521,207 


transverse 

transverse 

transverse 


2,312,000 

4,649,175 

954,126 

1,832,000 

1,326,000 

670,606 

459,000 


gauge 

gauge 

gauge 

gauge 

gauge 

gauge 

gauge 


omitted  for  fit 


omitted  for  fit 


omitted  for  fit 


omitted  for  fit 


longitudinal 


longitudinal 


longitudinal 


longitudinal 


longitudinal 


longitudinal 

longitudinal 

longitudinal 

longitudinal 

longitudinal 

longitudinal 

longitudinal 
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Table  10.  R.  R.  Rotating-Beam  Fatigue  Data  for  the  T6  Alloy  (Continued) 


1  Sample 
No. 

Measured 

Diameter 

(in) 

Maximum 

Stress 

(ksi) 

Maximum 

Load 

(lb) 

Cycles  to 
Failure 

Failure 

Location 

Machining 

Direction 

RRML8 

0.2517 

34 

26.6 

f  1  i  in 

gauge 

longitudinal 

RJRML10 

0.2517 

34 

26.6 

gauge 

RRML12 

0.2513 

34 

26.5 

i 

RRML14 

0.2515 

34 

26.5 

391,000 

gauge 

longitudinal 

RRML2 

36 

28.2 

gauge 

longitudinal 

RRML16 

36 

28 

| 

gauge 

longitudinal 

RRML19 

36 

28.1 

gauge 

RRML24 

36 

28.2 

gauge 

BBSgESSBSBI 

RRML17 

K1 

15.6 

10,000,000 

discontinued 

omitted  for  fit  II 

15.6 

IS  1 

15.7 

SF2 

5.5 

4.4 

SF4 

7.8 

SF1 

14 

11 

733,759 

| 

SF3 

18 

14.2 

349,542 

1 

SF8 

0.2525 

22 

17.4 

■msm 

SF5 

5 

4 

10,000,000 

discontinued 

omitted  for  fit 

SF6 

WSEEEM 

5  4 

10,000,000 

discontinued 

omitted  for  fit 

The  corrosion  panels  were  photographed  in  situ,  immediately  upon  removal,  and  with  some 
of  the  corrosion  product  removed.  The  removed  crystals  were  either  white,  reddish  brown  (when 
wet),  or  black.  The  corrosion  product  turned  either  white  or  black  upon  drying.  Coupons  were 
chemically  cleaned  and  photographed.  An  example  of  the  general  corrosion  coupons  after 
chemical  cleaning  is  shown  in  Figure  21. 


The  coupons  completed  the  exposure  with  an  exfoliation  rating  of  “EA”  per 
ASTM-G-34  [6],  although  the  damage  to  the  samples  appears  to  be  due  to  severe  general 
corrosion  and  pitting,  this  assessment  was  performed  after  the  corrosion  product  was  removed 
and  the  surface  was  cleaned.  The  chemically  cleaned  surface  is  depicted  in  Figure  21.  Exposed 
surfaces  were  evenly  degraded  through  pitting.  Significantly  less  material  was  removed  from  the 
welds  and  the  heat-affected  zones. 
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Cydes  (n) 


Figure  12.  Rotating  Beam  and  Axial  Fatigue  Data  for  the  T87-T87  Weldment, 
R-Ratio  =  -1,  Kt  =  1. 


i  i  m  mi 


l.CB+04 


l.GEtGS 


1.0E+O6 
Cydes  (n) 


1.CEKJ7 


♦ 

longitudinal  Specimens 

■ 

Transverse  Specimens 

A 

Saltfqg  Exposed 

A 

Axial  Data 

a 

RnmCXit  Data  Trans. 

A 

Run-Out  Data  Saltfcg 

A 

Run-Out/CUnitted  EUta  Axial 

— 

-R)\*er  Fit  Long. 

— 

“Rower  Fit  Trans. 

— 

“FbwerRt  Saltfcg 

"  Fbwer  Ht  Axial 

l,GEt08 


Figure  13.  Rotating  Beam  and  Axial  Fatigue  Data  for  the  T87  Base  Plate,  R-Ratio  =  - 1, 
Kt  =  1. 
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Figure  14.  Rotating  Beam  and  Axial  Fatigue  Data  for  the  T6  Surrogate,  R-Ratio  = 
Kt=l. 


Figure  15.  T87-T87  100-Hr  Salt-Fog-Exposed  R.  R.  Moore  Specimen. 
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Figure  16.  T87  Base  Alloy  100-Hr  Salt-Fog-Exposed  R.  R.  Moore  Specimen. 


20  mm 
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Figure  17.  T6  Surrogate  100-Hr  Salt-Fog-Exposed  R.  R.  Moore  Specimen. 


Figure  18.  Surface  Detail  of  T87-T87  100-Hr  Salt-Fog-Exposed  R.  R.  Moore  Specimen 
(Magnification  15x). 


Figure  19.  Surface  Detail  of  T87  Base  Alloy  100-Hr  Salt-Fog-Exposed  R.  R.  Moore 
Specimen  (Magnification  15x). 


Figure  20.  Surface  Detail  of  T6  Surrogate  100-Hr  Salt-Fog-Exposed  R.  R.  Moore  Specimen 
(Magnification  15x). 


Figure  21.  T87-T87  With  2319  Filler  Metal  Corrosion  Specimen  After  Chemical  Cleaning. 

i 

3.1.4  Pitting  Corrosion.  The  A12519-T6  panels  were  slightly  discolored  and  streaked  after 
1  hr  of  salt-fog  exposure.  After  10  hr,  all  three  coupons  had  corrosion  product  (aluminum 
hydroxide  gel)  coating  the  surface  with  scattered  pits.  An  additional  90  hr  of  exposure  caused 
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the  corrosion  product  to  become  thicker  with  rivulets.  The  pits  became  larger  and  more 
abundant.  The  pits  tended  to  have  the  same  reddish-brown  product  as  noted  in  the  ASTM-G-34 
[6]  test.  The  appearance  of  the  panels  at  400  and  1,000  hr  was  remarkably  similar.  Rivulets  of 
white  aluminum  hydroxide  gel  flowed  down  the  coupons  emanating  from  pit  sites.  Corrosion 
product  coated  the  entire  surface;  no  basis  metal  was  visible.  Upon  cleaning,  it  was  found  that 
there  was  substantial  pitting  across  the  surface,  which  was  surrounded  by  areas  of  relatively 
unaffected  material.  An  example  of  a  T6  pitting  corrosion  specimen  is  depicted  in  Figure  22. 


Figure  22.  T6  Corrosion  Specimen  After  Chemical  Cleaning. 


The  bulk  material  of  the  A12519  T87-T87  welded  coupons  behaved  in  a  similar  manner  to 
the  A12519-T6.  However,  the  weld  and  HAZs  behaved  somewhat  differently.  After  1  hr  of 
exposure,  the  welded  areas  remained  bright;  the  welds  started  to  corrode  after  10  hr,  but  were  not 
affected  as  severely  as  the  milled  finishes  of  the  coupons.  At  100  hr  of  exposure,  small  pits 
developed  on  the  welds;  the  pits  on  the  welds  were  fewer  and  smaller  than  on  the  bulk  material. 
After  both  400  and  1,000  hr,  the  only  discemable  difference  between  the  welded  areas  and  the 
bulk  material  was  that  the  deposits  of  corrosion  product  were  thinner  than  on  the  rest  of  the 
coupon.  The  coupons  were  then  chemically  cleaned.  An  example  of  the  chemically  cleaned 
specimens  can  be  observed  in  Figure  23.  A  surface  profilometer  was  used  to  compare  the  pitting 

i 

on  each  type  of  sample.  The  results  from  the  profilometer  indicated  that  the  heat-affected  zone 
was  slightly  less  susceptible  to  corrosion  than  the  bulk  material. 
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Figure  23.  T87-T87  With  2319  Filler  Metal  Corrosion  Specimen  After  Chemical  Cleaning. 

The  ASTM-B-117  [8]  test  demonstrated  that  A12519  was  susceptible  to  general  corrosion 
and  pitting.  This  susceptibility  is  not  positively  or  negatively  affected  by  the  presence  of  a  weld. 

3.1.5  Stress  Corrosion  Cracking.  The  SCC  testing  was  carried  out  according  to 
ASTM-G-38  [9],  ASTM-G-47  [10],  and  G-44  [11],  The  six  welded  sandwiches  and  the  10 
C-ring  specimens  were  exposed  for  10  days.  Figures  24  and  25  represent  the  sandwiches  and 
C-rings  within  the  test  chamber  after  1-day  and  10-day  exposures,  respectively. 

After  removal  from  the  test  chamber,  the  specimens  were  scrubbed  with  a  soft  bristle  brush 
under  running  water  to  remove  salt  and  corrosion  product.  The  test  specimens  are  shown  in 
Figures  26  and  27.  All  specimens  were  then  examined  under  approximately  lOx  magnification 
to  determine  whether  SCC  was  present.  Specimens  were  wetted  with  distilled  water  and  wiped 
with  a  paper  towel  to  facilitate  the  inspection.  No  SCC  was  observed  on  any  of  the  specimens. 
Details  of  the  sandwich  specimens  and  the  C-rings  can  be  observed  in  Figures  28  and  29, 
respectively. 
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Figure  24.  C-Rings  and  Sandwich  Specimens  After  One  Day  of  Salt-Fog  Exposure. 


Figure  25.  C-Rings  and  Sandwich  Specimens  After  10  Days  of  Salt-Fog  Exposure. 
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Figure  28.  Details  of  Cleaned  C-Ring  Specimens  After  10  Days  of  Salt-Fog  Exposure. 


Figure  29.  Details  o|  Cleaned  Sandwich  Specimen  After  10  Days  of  Salt-Fog  Exposure. 
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3.2  Ballistic  Characterization  of  A12519  Plate  and  Welds.  The  development  of  the 
acceptance  criteria  (striking  velocities)  for  weldments  was  not  completed.  Not  all  of  the  plates 
and  weldments  required  to  complete  this  effort  were  supplied.  However,  some  data  were 
generated  with  the  75-mm  proofing  projectile  (and  various  test  shots).  Unfortunately,  the  results 
of  the  ballistic  testing  and  the  resulting  minimum  required  striking  velocity  ballistic  limits 
calculated  from  this  data  are  not  statistically  acceptable  for  the  U.S.  Army  to  publish  or  use  for 
the  acceptance  of  weldments  because  of  the  limited  number  of  plates  provided.  The  results  and 
the  corresponding  calculated  ballistic  limits  are  presented  in  Tables  11  and  12,  respectively. 
Figures  30-35  depict  the  typical  results  from  the  75-mm  proofing  projectile  firings.  The 
photographs  can  be  identified  and  cross-referenced  using  the  shot  number  listed  in  Table  11.  No 
results  were  generated  with  the  57-mm  proofing  projectile,  and  only  three  shots  were  taken.  The 
lack  of  required  plates  and  weldments  of  A12519  proved  deleterious  to  this  ballistic  effort. 
Additionally,  the  OPM  Crusader’s  decision  to  change  the  hull  material  to  A15083 
(MEL-DTL-46027  [12])  halted  the  effort.  The  memorandum  dated  23  June  1999  from  UDLP 
[13],  Armament  Systems,  stated  that  the  Team  Crusader  requested  all  work  using  A12519  to  stop 
immediately  in  order  to  begin  the  hull  transition  effort  with  A15083.  However,  since  some  of  the 
A12519  material  was  available,  along  with  a  balance  of  the  funding,  it  was  decided  to  attempt  to 
complete  the  two  ballistic  efforts  for  potential  future  use  of  the  material.  Obviously,  the 
handbook  that  was  to  be  written  to  replace  MIL-STD-1946  [1]  will  not  be  completed.  Also,  the 
minimum  required  ballistic  limits  that  were  developed  could  not  be  used  for  acceptance  testing 
due  to  a  lack  of  statistical  confidence  in  the  data.  Future  testing  with  both  projectiles  and  the 
specified  number  of  plates  and  weldments  will  be  required. 

The  second  ballistic  effort  to  expand  the  ballistic-limit  acceptance  data  for  thicker  sections  of 
A12519  was  completed.  The  data  developed  by  these  tests  were  used  to  augment  the  ballistic 
acceptance  tables  in  MIL-DTL-46192  [2].  To  develop  these  two  ballistic  acceptance  tables, 

i 

numerous  rounds  of  both  the  0.50-cal.  AP  M2  and  14.5  API  BS41  needed  to  be  shot. 
Appendix  B  contains  the  results  of  the  individual  test  shots  (complete  or  partial).  V50  velocities 
were  generated  from  the  shot  data  and  are  tabulated  individually  in  Table  13.  An  appropriate 
mathematical  model  was  used  to  develop  a  regression  curve.  The  curve  was  then  utilized  to 
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Table  11.  Striking  Velocity  Data 


Plate  Thickness 
(mm) 

Projectile 

(mm) 

Shot  No. 

Velocity 

Result 

Remarks 

15 

57 

mm 

1,692 

crack 

Broke  a  large  section 
of  plate  off 

15 

57 

15-1-2 

1,249 

crack 

— 

15 

57 

15-2-1 

1,043 

— 

25 

— 

— 

— 

— 

— 

30 

75 

30-1-1 

1,369 

crack 

— 

75 

30-2-1 

1,128 

crack 

— 

75 

30-3-1 

928 

bent  plate 

— 

75 

30-3-2 

HBEEES9B 

bent  plate 

— 

75 

30-4-1 

IHEHHi 

bent  plate 

— 

75 

1,078 

bent  plate 

— 

75 

1,165 

crack 

— 

35 

75 

35-1-1 

1,396 

— 

75 

35-2-1 

1,342 

— 

75 

35-3-1 

crack 

— 

75 

35-4-1 

1,290 

crack 

— 

75 

35-5-1 

1,234 

bent  plate 

— 

75 

1,264 

crack 

— 

40 

75 

1,425 

crack 

Inverted  “Y”  crack, 
20  in  total 

75 

1,439 

crack 

Plate  cracked  in  half 

75 

crack 

Plate  cracked  in  half, 
pieces  held  together 

75 

40-3-2 

1,348 

crack 

Disregard 

75 

H32EH 

1,411 

dented  plate 

— 

75 

I 

dented  plate 

— 

75 

UteiiiM 

1,630 

dented  plate 

— 

75 

50-2-2 

1,838 

dented  plate 

Projectile  material 
limit 

generate  the  tables  in  Appendix  A.  The  values  of  the  constants  in  the  regression  curve  were 
determined  using  the  method  of  least  squares. 

f 

The  minimum  acceptable  ballistic  limit  requirements  were  then  set  to  reject  5%  of  the  plates 
submitted  for  first  time  lot-acceptance  testing.  The  resulting  ballistic  data  tables  are  identified  as 
Tables  14-15.  As  mentioned  previously,  these  tables  should  be  incorporated  into 
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Table  12.  Minimum  Required  Striking  Velocity  Ballistic  Limits 


Required 

Thickness 

Required 

(BL(P),FPS) 

(in) 

(BL(P),FPS) 

0.985 


1.010 


15 
20 

_ 25 

1.030 


1.035 


1.040 

1.045 

1.050 


1.055 


1.075 


1.080 


_L 

_L 

1. 


1.100 


RBf 


1.115 


1.120 


1.125 


30 

35 


1.140 


0.990 

563 

1.1 

45 

762 

1 

.300 

923 

0.995 

571 

1.1 

50 

768 

1 

.305 

927 

1.000 

578 

1.155 

773 

1 

.310 

932 

1.005 

585 

1.160 

779 

1 

.315 

937 

1.165 


70 

75 

80 

85 


1.190 


1.195 

1.200 

1.205 


1.210 


1.320 


672 

1.225 

679 

1.230 

685 

1.235 

691 

1.240 

698 

1.245 

704 

1.250 

709 

1.255 

716 

722 

727 

734 

1.275 

1.345 


.350 

.355 

1.360 


1.365 


.370 

.375 

1.380 


.385 


1.390 


1.470 


1.475 


790 

1 

.325 

946 

1 

.480 

82 

796 

1 

.330 

951 

1 

.485 

H 

86 

801 

1 

.335 

956 

1090 

806 

1 

.340 

960 

1094 

0 

1 

.550 

4 

1 

.555 

9 

1 

.560 

1.565 


.570 

.575 

.580 


1.585 


1.590 


.595 

.600 


Note:  Minimum  Required 
Aluminum  Welds  at 


Ballistic  Limits — 75  mm.  Ml 002a  Aluminum  Plate 
0°  Obliquity:  Based  on  90%  of  Base  Armor  Standard. 


Proofing  Projectile  vs.  2519 
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Figure  31.  75-mm  Projectile  Test  Firing  30-2-1. 
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Figure  33.  75-mm  Projectile  Test  Firing  35-5  After  Both  Shots  (Back). 
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Table  13.  V50  Velocity  Data 


Sample 

Average 

Rounds 

V50 

Projectile 

No. 

Thickness 

Considered 

Velocity 

(ft/s) 

ZMR 

1. 50-cal 

lap: 

va 

■ 

.4-3 

l. 50-cal 

l.  AP 

im 

■ 

.4-4 

0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 
0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 
0.50-cal.  AP  M2 


0.50-cal.  AP  M2 
0.50-cal.  AP  M2 


0.50-cal.  AP  M2 
0.50-cal.  AP  M2 


,  AP  M2 
.  AP  M2 


0.50-ca 

0.50-ca 


145 -mm  API  BS41 


145 -mm  API  BS41 


145 -mm  APIBS41 


145 -mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 
.  AP  M2 


■50-ca 
0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


2_ 

0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


145-mm  API  BS41 


2.9-6 


2.9- 7 

2.9- 8 


1.430 


1.429 


1.427 


2.960 

10 

3,089 

2.948 

10 

3,110 

2.958 

10 

3,154 

2.958 

10 

3,141 

3.173 

10 

2,919 
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Table  13.  V50  Velocity  Data  (Continued) 


Projectile 

Sample 

No. 

Average 

Thickness 

Rounds 

Considered 

V50 

Velocity 

(ft/s) 

ZMR 

GAP 

Spread 

145-mm  API  BS41 

3.1-2 

10 

2,949 

6 

0 

161 

145-mm  API  BS41 

3.1-3 

mm 

10 

2,927 

7 

0 

73 

145-mm  API  BS41 

mam 

3.174 

10 

2,905 

2 

0 

84 

145-mm  API  BS41 

mm 

3.166 

10 

2,931 

26 

0 

46 

145-mm  API  BS41 

mm 

3.173 

10 

2,915 

mm 

■a 

58 

145-mm  API  BS41 

mm 

3.177 

10 

2,944 

64 

145-mm  API  BS41 

3.1-8 

3.183 

10 

2,924 

0 

4 

54 

145-mm  API  BS41 

mm 

KHZH 

10 

2,933 

mm 

0 

44 

145-mm  API  BS41 

10 

3,314 

mm 

0 

54 

145-mm  API  BS41 

mm 

10 

3300 

7 

95 

145-mm  API  BS41 

mm 

B9 

10 

55 

0 

81 

145-mm  API  BS41 

4.1-4 

4.028 

10 

3,329 

8 

76 

145-mm  API  BS41 

If 

3,332 

88 

145-mm  API  BS41 

4.1-6 

10 

3,357 

Mm 

0 

57 

145-mm  API  BS41 

BUS 

wsmm 

10 

0 

70 

145-mm  API  BS41 

X3DE9 i 

f iltVLlMi 

10 

1 

0 
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MIL-DTL-46192  [2].  An  amendment  was  prepared  by  the  authors  for  inclusion  into 
MIL-DTL-46192  [2],  A  copy  of  this  amendment  was  sent  to  the  Standardization  Group  on 
18  January  2000  and  is  presented  in  Appendix  A. 


4.  Summary  and  Conclusion 

4.1  Part  1:  Mechanical  Property  and  Chemical  Resistance  Characterization.  The 

mechanical  property  characterization  was  completed.  The  results  compared  favorably  with 
previously  published  data  for  the  material.  The  UTS  and  the  YS  for  the  T87  weldments  were 
only  slightly  lower  than  values  previously  presented  by  Chase  et  al.  [14]  (45.9  and  30.4  vs.  43.8 
and  27.4,  respectively).  Correspondingly,  percent  elongation  was  slightly  higher,  4.2  vs.  5.0. 
The  fatigue  data  generated  fell  within  expectations.  The  T87-T87  weldment  data  showed  a 
10-20%  decrease  in  the  fatigue  strength,  as  compared  with  base  material  when  tested  by  the 
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Table  14.  Minimum  Required  Ballistic  Limits  0.50-cal.  AP  M2  Projectiles  vs.  A12519  Plate  at  0°  Obliquity 
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Table  14.  Minimum  Required  Ballistic  Limits  0.50-cal.  AP  M2  Projectiles  vs.  A12519  Plate  at  0°  Obliquity  (Continued) 
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Table  15.  Minimum  Required  Ballistic  Limits  14.5-mm  BS  41  Projectiles  vs.  A12519  Plate  at  0°  Obliquity 
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Table  15.  Minimum  Required  Ballistic  Limits  14.5-mm  BS  41  Projectiles  vs.  A12519  Plate  at  0°  Obliquity  (Continued) 


■3 


rotating  beam.  The  axial  data  showed  almost  a  50%  decrease  for  the  same  groups.  These  results 
cannot  be  compared  with  the  Chase  et  al.  [14]  data  due  to  the  variation  in  weldment  design  and 
specimen  type.  In  general,  the  salt-fog-exposed  samples  demonstrated  a  10%  drop  in  fatigue 
strength  when  compared  to  baseline  fatigue  properties.  These  results  compared  well  with  the 
exposure  data  for  this  material.  The  chemical  resistance  of  untreated  A125 1 9  is  poor  and  proved 
to  be  so  within  the  scope  of  this  study. 

4.2  Part  2:  Ballistic  Characterization.  As  a  result  of  this  effort,  the  only  ballistic  data  that 
can  be  used  for  military  acceptance  is  found  in  Appendix  A,  Amendment  1  to 
MIL-DTL-46192  C  (MR)  [2],  Tables  A-V  and  A-VI. 
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Appendix  A: 

Amendment  1  to  MIL-DTL-46192  C  (MR) 


Note:  This  appendix  appears  in  its  original  form,  without  editorial  change. 
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Intentionally  left  blank. 
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INCH-POUND 


MIL-DTL-46 1 92C(MR) 
AMENDMENT  1 


SUPERSEDING 
MIL-DTL-46 192C(MR) 
28  August  1998 


DETAILED  SPECIFICATION 

ALUMINUM  ALLOY  ARMOR  ROLLED  PLATE  (1/2  TO  4  INCHES  THICK), 

WELDABLE  (ALLOY  2519) 


This  amendment  forms  a  part  of  MIL-A-46192C(MR),  dated  28  August  1998,  and  is  approved  for  use  by  all 
Departments  and  Agencies  of  the  Department  of  Defense. 


PAGE  9 


Table  V.:  Delete  the  footnote  (a). 


APPENDIX  A 

Add  the  attached  Table  A-V.  at  the  end  of  the  specification. 
Add  the  attached  Table  A- VI.  after  Table  A-V. 


Custodian:  Preparing  activity: 

Army  -  MR  Army  -  MR 

Review  activities:  Project  9535-XXXX 

Army  -  AT,  AR,  TE 
DLA  -  IS 


AMSC  N/A 


FSC  9535 
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DISTRIBUTION  STATEMENT  A:  Approved  for  public  release;  distribution  is  unlimited. 
. .  MIL-DTL-46192C (MR) 


APPENDIX  A 


TABLE  A-V.  MINIMUM  REQUIRED  BALLISTIC  LIMITS  -  CALIBER  >50  AP  M2  PROJECTILES 
VERSUS  2519  ALUMINUM  PLATE  AT  0°  OBLIQUITY 


REQUIRED 

THICKNESS, 

REQUIRED 

THICKNESS, 

REQUIRED 

INCHES 

BL(P) , FPS 

INCHES 

BL (P) , FPS 

INCHES 

1.400 

1988 

1.800 

2312 

2.200 

1.410 

1997 

1.810 

2320 

2.210 

1.420 

2005 

1.820 

2327 

2.220 

1.430 

2014 

1.830 

2335 

2.230 

1.440 

2023 

1 . 840 

2342 

2.240 

1.450 

2031 

1 . 850 

2349 

2.250 

1.460 

2040 

1.860 

2357 

2.260 

1.470 

2048 

1.870 

2364 

2.270 

1.480 

2057 

1.880 

2372 

2.280 

1.490 

2065 

1.890 

2379 

2.290 

*1 . 500 

2074 

1.900 

2386 

2.300 

1.510 

2082 

1.910 

2394 

2.310 

1.520 

2090 

1.920 

2401 

2.320 

1.530 

2099 

1.930 

2408 

2.330 

1.540 

2107 

1.940 

2415 

2.340 

1.550 

2115 

1.950 

2423 

2.350 

1.560 

2123 

1.960 

2430 

2.360 

1.570 

2132 

1.970 

2437 

2.370 

1 .580 

2140 

1.980 

2444 

2.380 

1.590 

2148 

1.990 

2451 

2.390 

1.600 

2156 

2.000 

2458 

2.400 

1.610 

2164 

2.010 

2465 

2.410 

1.620 

2172 

2.020 

2472 

2.420 

1.630 

2180 

2.030 

2479 

2.430 

1.640 

2188 

2 . 040 

2487 

2.440 

1.650 

2196 

2.050 

2494 

2.450 

1.660 

2204 

2 . 060 

2501 

2.460 

1.670 

2212 

2 . 070 

2507 

2.470 

1.680 

2220 

2.080 

2514 

2.480 

1 . 690 

2228 

2 . 090 

2521 

2.490 

1 . 700 

2235 

2.100 

2528 

2.500 

1.710 

2243 

2.110 

2535 

2.510 

1 . 720 

2251 

2 . 120 

2542 

2.520 

1.730 

2259 

2.130 

2549 

2.530 

1 . 740 

2266 

2.140 

2556 

2.540 

1 . 750 

2274 

2 . 150 

2563 

2.550 

1.760 

2282 

2.160 

2569 

2.560 

1.770 

2289 

2.170 

2576 

2.570 

1 . 780 

2297 

2 . 180 

2583 

2.580 

1.790 

2304 

2.190 

2590 

2.590 

THICKNESS, 


THICKNESS, 

REQUIRED 

BL (P) , FPS 

INCHES 

BL(P)  ,1 

2596 

2.600 

2853 

2603 

2.610 

2859 

2610 

2.620 

2865 

2617 

2.630 

2871 

2623 

2.640 

2877 

2630 

2.650 

2883 

2636 

2.660 

2889 

2643 

2.670 

2895 

2650 

2.680 

2902 

2656 

2.690 

2908 

2663 

2.700 

2914 

2669 

2.710 

2920 

2676 

2.720 

2926 

2682 

2.730 

2931 

2689 

2.740 

2937 

2695 

2.750 

2943 

2702 

2.760 

2949 

2708 

2.770 

2955 

2715 

2.780 

2961 

2721 

2 . 790 

2967 

2728 

2.800 

2973 

2734 

2.810 

2979 

2740 

2.820 

2985 

2747 

2.830 

2991 

2753 

2.840 

2996 

2759 

2.850 

3002 

2766 

2.860 

3008 

2772 

2 . 870 

3014 

2778 

2.880 

3020 

2785 

2 . 890 

3025 

2791 

2 . 900 

3031 

2797 

2.910 

3037 

2803 

2.920 

3043 

2810 

2.930 

3048 

2816 

2.940 

3054 

2822 

2.950 

3060 

2828 

2.960 

3066 

2834 

2.970 

3071 

2841 

2.980 

3077 

2847 

2.990 

3083 

**3.000 

3088 

*  Specification  requirements  begin  for  ordered  thickness  1.500  inch. 
**  Specification  requirements  end  for  ordered  thickness  3.000  inch. 
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MIL-DTL-46192C (MR) 


APPENDIX  A  (Cont.) 


TABLE  VI  .  MINIMUM  REQUIRED  BALLISTIC  LIMITS  -  14 . 5MM  BS41  PROJECTILES 
VERSUS  2519  ALUMINUM  PLATE  AT  0°  OBLIQUITY 


THICKNESS , 

REQUIRED 

THICKNESS, 

REQUIRED 

INCHES 

BL (P ) , FPS 

INCHES 

BMP)  ,  FPS 

2 . 900 

2743 

3.200 

2903 

2.910 

2748 

3.210 

2909 

2 . 920 

2754 

3.220 

2914 

2.930 

2759 

3.230 

2919 

2.940 

2765 

3.240 

2924 

2.950 

2770 

3.250 

2929 

2.960 

2776 

3.260 

2935 

2 . 970 

2781 

3.270 

2940 

2 . 980 

2786 

3.280 

2945 

2.990 

2792 

3.290 

2950 

*3 . 000 

2797 

3.300 

2955 

3.010 

2803 

3.310 

2960 

3.020 

2808 

3.320 

2965 

3.030 

2814 

3.330 

2970 

3.040 

2819 

3.340 

2976 

3.050 

2824 

3.350 

2981 

3.060 

2830 

3.360 

2986 

3.070 

2835 

3.370 

2991 

3 . 080 

2840 

3.380 

2996 

3.090 

2846 

3.390 

3001 

3.100 

2851 

3.400 

3006 

3.110 

2856 

3.410 

3011 

3.120 

2862 

3.420 

3016 

3.130 

2867 

3.430 

3021 

3.140 

2872 

3.440 

3026 

3.150 

2877 

3.450 

3031 

3.160 

2883 

3.460 

3036 

3.170 

2888 

3.470 

3041 

3.180 

2893 

3.480 

3046 

3.190 

2898 

3.490 

3051 

THICKNESS, 

REQUIRED 

THICKNESS, 

REQUIRED 

INCHES 

BL (P) , FPS 

INCHES 

BL (P) , FPS 

3.500 

3056 

3 . 800 

3201 

3.510 

3061 

3.810 

3206 

3.520 

3066 

3 . 820 

3211 

3.530 

3071 

3.830 

3215 

3.540 

3076 

3.840 

3220 

3.550 

3081 

3 . 850 

3225 

3.560 

3085 

3.860 

3229 

3 . 570 

3090 

3 . 870 

3234 

3 . 580 

3095 

3 . 880 

3239 

3.590 

3100 

3.890 

3243 

3.600 

3105 

3 . 900 

3248 

3.610 

3110 

3.910 

3253 

3.620 

3115 

3.920 

3257 

3.630 

3120 

3.930 

3262 

3.640 

3124 

3.940 

3267 

3.650 

3129 

3.950 

3271 

3.660 

3134 

3.960 

3276 

3.670 

3139 

3.970 

3281 

3.680 

3144 

3 . 980 

3285 

3.690 

3149 

3.990 

3290 

3.700 

3153 

*  * **4 . 000 

3294 

3.710 

3158 

4 . 010 

3299 

3.720 

3163 

4 . 020 

3304 

3.730 

3168 

4.030 

3308 

3.740 

3173 

4 . 040 

3313 

3.750 

3177 

4.050 

3317 

3.760 

3182 

4.060 

3322 

3 . 770 

3187 

4 . 070 

3326 

3.780 

3192 

4.080 

3331 

3 . 790 

3196 

4 . 090 

3336 

*  Specification  requirements  begin  for  ordered  thickness  3.000  inch. 

**  Specification  requirements  end  for  ordered  thickness  4.000  inch. 
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Intentionally  left  blank. 
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Appendix  B: 

Individual  Test  Shots  for  Developing  the 
V50  Acceptance  Tables 
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Intentionally  left  blank. 
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Table  B-l.  Individual  Test  Shots  for  Developing  the  V50  Acceptance  Tables 


D  is  disallowed. 
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Table  B-l.  Individual  Test  Shots  for  Developing  the  V5o  Acceptance  Tables  (Continued) 


Projectile 

Round 

0.50-cal.  AP  M2 

199904376 

0.50-cal.  AP  M2 

199904377 

0.50-cal.  AP  M2 

199906004 

0.50-cal.  AP  M2 

199904383 

0.50-cal.  AP  M2 

199904384 

0.50-cal.  AP  M2 

199904390 

0.50-cal.  AP  M2 

199904385 

0.50-cal.  AP  M2 

199904391 

0.50-cal.  AP  M2 

199904382 

0.50-cal.  AP  M2 

199904389 

0.50-cal.  AP  M2 

199904388 

0.50-cal.  AP  M2 

199904386 

0.50-cal.  AP  M2 

199904387 

0.50-cal.  AP  M2 

199904394 

0.50-cal.  AP  M2 

199904396 

0.50-cal.  AP  M2 

199904399 

0.50-cal.  AP  M2 

199904395 

0.50-cal.  AP  M2 

199904393 

0.50-cal.  AP  M2 

199904392 

0.50-cal.  AP  M2 

199904400 

0.50-cal.  AP  M2 

199904397 

0.50-cal.  AP  M2 

199904398 

0.50-cal.  AP  M2 

199904401 

0.50-cal.  AP  M2 

199904411 

0.50-cal.  AP  M2 

199904405 

0.50-cal.  AP  M2 

199904404 

0.50-cal.  AP  M2 

199904409 

0.50-cal.  AP  M2 

199904410 

0.50-cal.  AP  M2 

199904408 

0.50-cal.  AP  M2 

199904406 

0.50-cal.  AP  M2 

199904402 

0.50-cal.  AP  M2 

199904407 

0.50-cal.  AP  M2 

199904403 

0.50-cal.  AP  M2 

199904419 

0.50-cal.  AP  M2 

199904420 

0.50-cal.  AP  M2 

199904418 

0.50-cal.  AP  M2 

199904421 

0.50-cal.  AP  M2 

199904416 

Striking  Velocity 


82 _ 

82 


86 _ 

14 _ 

2,020 


54 

59 

60 


2,069 

2,070 


2, 


2, 


2,020 


2,023 


2030 


2,033 


2,038 


D  is  disallowed. 


Table  B-l.  Individual  Test  Shots  for  Developing  the  V5o  Acceptance  Tables  (Continued) 


D  is  disallowed. 
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Table  B-l.  Individual  Test  Shots  for  Developing  the  V50  Acceptance  Tables  (Continued) 


Striking  Velocity 


2.6-2 

2.6-2 


2.6-2 
2.6-2 
2.6-2 
2.6-2 
2.6-2 
2.6-2  I 

D  is  disallowed 


Projectile 

Round 

0.50-cal.  AP  M2 

199904458 

199904459 

0.50-cal.  AP  M2 

199904467 

0.50-cal.  AP  M2 

199904466 

0.50-cal.  AP  M2 

199904468 

0.50-cal.  AP  M2 

199904469 

0.50-cal.  AP  M2 

199904470 

0.50-cal.  AP  M2 

199904471 

199904472 

0.50-cal.  AP  M2 

199904473 

0.50-cal.  AP  M2 

199904474 

0.50-cal.  AP  M2 

199904475 

0.50-cal.  AP  M2 

199904484 

0.50-cal.  AP  M2 

199904485 

iramsa^i 

199904483 

0.50-cal.  AP  M2 

199904476 

0.50-cal.  AP  M2 

199904482 

0.50-cal.  AP  M2 

199904478 

0.50-cal.  AP  M2 

199904480 

0.50-cal.  AP  M2 

199904477 

0.50-cal.  AP  M2 

199904492 

0.50-cal.  AP  M2 

199904502 

0.50-cal.  AP  M2 

199904499 

0.50-cal.  AP  M2 

199904495 

0.50-cal.  AP  M2 

199904491 

0.50-cal.  AP  M2 

199904500 

0.50-cal.  AP  M2 

199904501 

0.50-cal.  AP  M2 

199904487 

0.5 
0.50-cal. 
0.50-cal. 
0.50-cal. 
0.50-cal. 
0.50-cal. 


AP  M2 
AP  M2 
AP  M2 
AP  M2 
AP  M2 
AP  M2 


199904490 

199904498 

199904497 

199904496 

199904494 

199904489 


^  / 
2,900 
2,902 
2,904 
2,907 
2,917 


Penetration 
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Table  B-l.  Individual  Test  Shots  for  Developing  the  V50  Acceptance  Tables  (Continued) 


Sample  No. 

Projectile 

Round 

Striking  Velocity 

Penetration 

2.6-2 

0.50-cal.  AP  M2 

199904486 

2,919 

P 

2.6-2 

0.50-cal.  AP  M2 

199904488 

2,925 

C 

2.6-3 

0.50-cal.  AP  M2 

199904534 

2,864 

P 

2.6-3 

0.50-cal.  AP  M2 

199904533 

2,872 

P 

2.6-3 

0.50-cal.  AP  M2 

199904539 

2,876 

P 

2.6-3 

0.50-cal.  AP  M2 

199904541 

2,882 

P 

2.6-3 

0.50-cal.  AP  M2 

199904536 

2,890 

C 

2.6-3 

0.50-cal.  AP  M2 

199904540 

2,893 

C 

0.50-cal.  AP  M2 

199904537 

2,896 

C 

■ 

0.50-cal.  AP  M2 

199904538 

2,898 

P 

2.6-3 

0.50-cal.  AP  M2 

199904535 

C 

2.6-3 

0.50-cal.  AP  M2 

199904542 

c 

2.6-4 

0.50-cal.  AP  M2 

199904543 

2,879 

p 

2.6-4 

0.50-cal.  AP  M2 

199904544 

2,879 

p 

HUSH 

0.50-cal.  AP  M2 

199904549 

2,882 

p 

0.50-cal.  AP  M2 

199904552 

2,883 

p 

2.6-4 

0.50-cal.  AP  M2 

199904548 

2,886 

c 

0.50-cal.  AP  M2 

199904546 

2,888 

p 

2.6-4 

0.50-cal.  AP  M2 

199904551 

2,892 

c 

2.6-4 

0.50-cal.  AP  M2 

199904545 

2,895 

p 

2.6-4 

0.50-cal.  AP  M2 

199904550 

2,898 

c 

2.6-4 

0.50-cal.  AP  M2 

199904547 

2,899 

c 

2.6-4 

0.50-cal.  AP  M2 

199904553 

2,907 

c 

2.6-5 

0.50-cal.  AP  M2 

199904558 

2,892 

c 

2.6-5 

0.50-cal.  AP  M2 

199904561 

2,894 

p 

2.6-5 

0.50-cal.  AP  M2 

199904564 

2,895 

c 

2.6-5 

0.50-cal.  AP  M2 

199904560 

2,898 

p 

2.6-5 

0.50-cal.  AP  M2 

199904556 

2,903 

p 

2.6-5 

0.50-cal.  AP  M2 

199904562 

2,904 

p 

2.6-5 

0.50-cal.  AP  M2 

199904555 

2,908 

p 

2.6-5 

0.50-cal.  AP  M2 

199904557 

2,911 

p 

2.6-5 

0.50-cal.  AP  M2 

199904559 

2,913 

c 

2.6-5 

0.50-cal.  AP  M2 

199904554 

2,914 

c 

2.6-5 

0.50-cal.  AP  M2 

199904563 

2,933 

c 

2.6-6 

0.50-cal.  AP  M2 

199904574 

2,865 

D 

2.6-6 

0.50-cal.  AP  M2 

199904575 

2,871 

p 

2.6-6 

0.50-cal.  AP  M2 

199904572 

2,884 

p 

D  is  disallowed. 
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Table  B-l.  Individual  Test  Shots  for  Developing  the  V50  Acceptance  Tables  (Continued) 


Sample  No. 


Projectile 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 
0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


Round 


199904570 


199904569 


199904565 


199904571 


199904573 


199904567 


199904568 


199904566 


199904576 


199904582 


199904577 


199904578 


199904579 


199904584 


199904586 


199904581 


199904583 


199904580 


199904585 


199904600 


199904603 


199904601 


199904599 


199904598 


199904602 


199904587 


199904597 


199904591 


199904590 


199904594 


199904592 


199904595 


199904593 


199904596 


199904589 


199904588 


199904604 


Striking  Velocity 
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Table  B-l.  Individual  Test  Shots  for  Developing  the  V50  Acceptance  Tables  (Continued) 


Round  Striking  Velocity 


Sample  No. 

Projectile 

2.6-9 

0.50-cal.  AP  M2 

2.6-9 

0.50-cal.  AP  M2 

0.50-cal.  AP  M2 

0.50-cal.  AP  M2 

0.50-cal.  AP  M2 

msm 


2.6-9  0.50-cal.  AP  M2 

2.6-9  0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 
0.50-cal.  AP  M2 


2.6-9  0.50-cal.  AP  M2 

2.9-1  145-mm  APIBS41 


199904615 


199904608 


199904607 


199904613 

199906027 


145-mm  API  BS41 
145-mm  API  BS41 


2.9-1 


2.9-1 


2.9-1 


2.9-1 


2.9-1 


2.9-1 


-mm  APIBS41 


-mm  API  BS41 


-mm  API  BS41 


-mm  API  BS41 


-mm  API  BS41 


-mm  API  BS41 
-mm  API  BS41 


-mm  API  BS41 


-mm  API  BS41 
-mm  API  BS41 


-mm  API  BS41 
-mm  APIBS41 


-mm  API  BS41 


-mm  API  BS41 


-mm  API  BS41 


-mm  API  BS41 


-mm  API  BS41 


-mm  API  BS41 


199904865 


199904866 


199906028 


199906029 


199904860 


199904851 

199906036 


199906037 


199906032 


199906030 


199906035 


199906038 


199906034 


199906031 


199906033 


199906026 


199904861 


199904857 

199904863 


199904856 


199904867 


199906025 


2,940 

2,522 


2,667 

2,682 


2,683 

2,686 


2,689 


2,746 


2,749 


2,752 

2,774 


2,789 


3,009 


Penetration 


P 


P 


C 


2.9- 

1 

145-mm  API  BS41 

199904859 

.  --  . - . - . 

2,576 

2.9- 

1 

145-mm  APIBS41 

199904858 

2,586 

2.9-1 

145-mm  APIBS41 

199904862 

2,587 

2,828 

C 

2,910 

C 
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Table  B-l.  Individual  Test  Shots  for  Developing  the  V5o  Acceptance  Tables  (Continued) 


2.9-2 


Projectile 

Round 

145 -mm  API  BS41 

199904868 

145 -mm  API  BS41 

199904854 

145-mm  API  BS41 

199904864 

145 -mm  API  BS41 

199904852 

145-mm  API  BS41 

199904855 

145-mm  API  BS41 

199904853 

0.50-cal.  AP  M2 

199904840 

0.50-cal.  AP  M2 

199904839 

0.50-cal.  AP  M2 

199904841 

0.50-cal.  AP  M2 

199904842 

0.50-cal.  AP  M2 

199904843 

0.50-cal.  AP  M2 

199904850 

0.50-cal.  AP  M2 

199904844 

0.50-cal.  AP  M2 

199904849 

0.50-cal.  AP  M2 

199904848 

0.50-cal.  AP  M2 

199904847 

0.50-cal.  AP  M2 

199904846 

0.50-cal.  AP  M2 

199904845 

145-mm  API  BS41 

199904870 

145-mm  API  BS41 

199904878 

145-mm  API  BS41 

199904869 

145-mm  API  BS41 

199904874 

145-mm  API  BS41 

199906020 

145-mm  API  BS41 

199906021 

145-mm  API  BS41 

199904872 

145-mm  API  BS41 

199906022 

145-mm  API  BS41 

199906024 

145-mm  API  BS41 

199906023 

145-mm  API  BS41 

199904873 

145-mm  APIBS41 

199906019 

145-mm  API  BS41 

199904875 

145-mm  API  BS41 

199906018 

145-mm  API  BS41 

199904880 

145-mm  API  BS41 

199904882 

145-mm  API  BS41 

199904876 

145-mm  API  BS41 

199904871 

145-mm  API  BS41 

199906017 

Striking  Velocity 


5 _ 

7 


3, 


Penetration 


C 

C 


2,980 
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Table  B-l.  Individual  Test  Shots  for  Developing  the  V50  Acceptance  Tables  (Continued) 


a  D  is  disallowed. 
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Table  B-l.  Individual  Test  Shots  for  Developing  the  V5o  Acceptance  Tables  (Continued) 


Striking  Velocity 


Sample  No.  Projectile 


145-mm  API  BS41 


145 -mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  APIBS41 


145-mm  API  BS41 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 
0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


0.50-cal.  AP  M2 


.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


Round 


199904907 


199904919 


199904918 


199904906 


199904913 


199904903 

199904917 


199904916 


199904905 


199904904 


199904894 


199904893 


199904895 


199904897 


199904896 


199904898 


199904899 


199904900 

199904901 


199904902 


199904926 


199904935 


199904934 


199904929 


199904927 


199904930 


199904931 


199904933 


199904932 


199904928 


199904944 


199904943 


199904942 


199904940 


199904941 


199904937 


199904938 


199904945 


2,853 


2,879 

3,075 


78 

79 


3,082 


3,084 


3,087 


5 

C 

8 

C 

D  is  disallowed. 


Table  B-l.  Individual  Test  Shots  for  Developing  the  V50  Acceptance  Tables  (Continued) 


Sample  No. 


Projectile 


Round 


Striking  Velocity  |  Penetration 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


145-mm  API  BS41 
145-mm  API  BS41 
145-mm  API  BS41 


145-mm  APIBS41 


145-mm  API  BS41 


145-mm  API  BS41 
145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 
145-mm  API  BS41 


145-mm  API  BS41 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 
0.50-cal.  AP  M2 


0.50-cal.  AP  M2 
0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


145-mm  API  BS41 


2.9-6  145-mm  API  BS41 

2.9-6  145-mm  API  BS41 


2.9-6  145-mm  API  BS41 


145-mm  API  BS41 


5  145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


2.9-6  145-mm  API  BS41 


3  145-mm  API  BS41 


145-mm  API  BS41 


5  145-mm  API  BS41 


3  145-mm  API  BS41 


2.9-6  0.50-cal.  AP  M2 


199904939 

199904936 


199904956 

199904963 

199904965 


199904964 

199906046 


199905016 

199905019 


199905002 


3,117 

3,120 


2,763 

2,763 

2,769 


2,779 

2,802 


3,035 
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Table  B-l.  Individual  Test  Shots  for  Developing  the  V50  Acceptance  Tables  (Continued) 


Sample  No. 

Projectile 

Round 

Striking  Velocity 

Penetration 

2.9-6 

0.50-cal.  AP  M2 

199904998 

3,047 

P 

2.9-6 

0.50-cal.  AP  M2 

199905003 

3,052 

P 

2.9-6 

0.50-cal.  AP  M2 

199905000 

P 

2.9-6 

0.50-cal.  AP  M2 

199904995 

P 

2.9-6 

0.50-cal.  AP  M2 

199904999 

3,074 

P 

2.9-6 

0.50-cal.  AP  M2 

199905001 

C 

2.9-6 

0.50-cal.  AP  M2 

199904997 

C 

0.50-cal.  AP  M2 

199905004 

3,101 

C 

1 

0.50-cal.  AP  M2 

199904996 

3,104 

C 

0.50-cal.  AP  M2 

199905005 

3,105 

P 

0.50-cal.  AP  M2 

199905006 

3,144 

C 

2.9-7 

145-mm  API  BS41 

199905030 

1,749 

P 

2.9-7 

145 -mm  API  BS41 

199905028 

1,753  1 

P 

2.9-7 

145-mm  API  BS41 

199905029 

1,753 

P 

2.9-7 

145-mm  API  BS41 

199905023 

1,763 

P 

2.9-7 

145-mm  API  BS41 

199905025 

1,767 

C 

2.9-7 

145-mm  API  BS41 

199905026 

C 

2.9-7 

145-mm  API  BS41 

199905027 

1,772 

C 

2.9-7 

145-mm  API  BS41 

199905024 

1,773 

P 

2.9-7 

145-mm  API  BS41 

199905022 

C 

2.9-7 

145-mm  API  BS41 

199905021 

1,786 

C 

2.9-7 

0.50-cal.  AP  M2 

199905037 

3,057 

P 

2.9-7 

0.50-cal.  AP  M2 

199905041 

P 

2.9-7 

0.50-cal.  AP  M2 

199905040 

P 

2.9-7 

0.50-cal.  AP  M2 

199905034 

P 

2.9-7 

0.50-cal.  AP  M2 

199905039 

C 

2.9-7 

0.50-cal.  AP  M2 

199905038 

3,114 

P 

2.9-7 

0.50-cal.  AP  M2 

199905044 

3,117 

C 

2.9-7 

0.50-cal.  AP  M2 

199905033 

3,134 

C 

2.9-7 

0.50-cal.  AP  M2 

199905036 

3,134 

C 

2.9-7 

0.50-cal.  AP  M2 

199905043 

3,179 

C 

2.9-8 

145-mm  API  BS41 

199904969 

2,786 

P 

2.9-8 

145-mm  API  BS41 

199904972 

2,791 

P 

2.9-8 

145-mm  API  BS41 

199904971 

2,793 

P 

2.9-8 

145-mm  API  BS41 

199904973 

■mHi 

P 

2.9-8 

145-mm  API  BS41 

199904968 

i 

P 

2.9-8 

145-mm  API  BS41 

199904974 

2,815 

C 

D  is  disallowed. 
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Table  B-l.  Individual  Test  Shots  for  Developing  the  V50  Acceptance  Tables  (Continued) 


Sample  No. 


Projectile 


Round 


Striking  Velocity  Penetration 


2.9-8 


2.9-8 


2.9-8 

2.9-8 


2.9-8 


2.9-8 


2.9-8 


2.9-8 


2.9-8 


2.9-9 


2.9-9 


2.9-9 


2.9-9 


2.9-9 


2.9-9 


2.9-9 


2.9-9 


2.9-9 


145-mm  API  BS41 


145-mm  API  BS41 
145-mm  API  BS41 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 
0.50-cal.  AP  M2 


0.50-cal.  AP  M2 
0.50-cal.  AP  M2 


0.50-cal.  AP  M2 


0.50-cal.  AP  M2 
0.50-cal.  AP  M2 


0.50-cal.  AP  M2 
0.50-cal.  AP  M2 


145-mm  API  BS41 


145-mm  API  BS41 
145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


0.50-cal. 

AP 

M2 

0.50-cal. 

AP 

M2 

0.50-cal. 

AP 

M2 

0.50-cal. 

AP 

M2 

0.50-cal. 

AP 

M2 

0.50-cal. 

AP 

M2 

0.50-cal. 

AP 

M2 

0.50-cal. 

AP 

M2 

0.50-cal. 

AP 

M2 

0.50-cal. 

AP 

M2 

3.1-1 


3.1-1 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


199904966 


199904967 

199904987 


199904993 


199904983 


199904985 

199904982 


199904976 


ee mm 


199904980 

199904979 


199905058 


199905065 


199905066 


199905067 

199905059 


199905063 


199905064 

199905062 


199905060 

199905061 


199905048 

199905049 


199905051 


199905050 

199905047 


199905055 


199905057 

199905054 


199905056 


199905068 


199905070 


199905071 


6 

C 

6 

C 

823 

835 


3,060 


78 


98 


3,111 


3, 


3, 


3,289 

3,457 


2,755 


2,766 

2,766 


2,776 


2,795 


2,817 

2,830 


3,066 

3085 


3,094 


3,187 


3,197 

2,825 


2,886 


2,889 
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Table  B-l.  Individual  Test  Shots  for  Developing  the  V50  Acceptance  Tables  (Continued) 


Sample  No. 


3.1-1 


3.1-1 


3.1-1 


3.1-1 


3.1-1 


3.1-1 


3.1-1 


-2 


3.1-2 


3.: 


3. 


3.1-3 


3.1-3 


3.1-3 


3.1-3 


3.1-3 


-3 


-3 


-3 


-3 


3.1-3 


3. 


3.1-4 


3.1-4 

3.1-4 


3.1-4 


Projectile 

Round 

145 -mm  API  BS41 

199905077 

145 -mm  API  BS41 

199905076 

145 -mm  API  BS41 

199905072 

145 -mm  API  BS41 

199905075 

145 -mm  API  BS41 

199905073 

145 -mm  API  BS41 

199905069 

145 -mm  API  BS41 

199905074 

145 -mm  API  BS41 

199905332 

145-mm  API  BS41 

199905334 

145 -mm  API  BS41 

199905329 

145-mm  API  BS41 

199905333 

145-mm  API  BS41 

199905331 

145-mm  API  BS41 

199905336 

145-mm  API  BS41 

199905330 

145-mm  API  BS41 

199905335 

145-mm  API  BS41 

199905328 

145-mm  API  BS41 

199905327 

145-mm  API  BS41 

199905337 

145-mm  API  BS41 

199905340 

145-mm  API  BS41 

199905343 

145-mm  API  BS41 

199905344 

145-mm  API  BS41 

199905342 

145-mm  API  BS41 

199905339 

145-mm  API  BS41 

199905345 

145-mm  API  BS41 

199905346 

145-mm  API  BS41 

199905338 

145-mm  API  BS41 

199905341 

145-mm  API  BS41 

199905355 

145-mm  API  BS41 

199905358 

145-mm  API  BS41 

199905351 

145-mm  API  BS41 

199905347 

145-mm  API  BS41 

199905357 

145-mm  API  BS41 

199905352 

145-mm  API  BS41 

199905349 

145-mm  APIBS41 

199905356 

145-mm  API  BS41 

199905354 

145-mm  API  BS41 

199905350 

Striking  Velocity 


2,936 


2,939 


2,945 


2,925 


2,927 

2,932 


2,920 

2,922 


2,924 


2,927 


Penetration 


P 


C 


P 

C 


C 


C 


C 


P 


P 


P 


P 


C 


P 


c 


c 


c 

c 


p 


p 


p 


p 


c 


c 


p 


c 

c 


c 


p 


p 


p 


p 


c 


p 


c 


c 


c 


c 
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Table  B-l.  Individual  Test  Shots  for  Developing  the  V5o  Acceptance  Tables  (Continued) 


Sample  No. 

Projectile 

Round 

Striking  Velocity 

Penetration 

■S3 

MS3SSSSES5MSM 

199905353 

2,928 

C 

3.1-4 

145-mm  API  BS41 

199905348 

2,962 

C 

3.1-5 

145-mm  API  BS41 

199905367 

2,905 

P 

3.1-5 

145-mm  API  BS41 

199905362 

2,909 

P 

3.1-5 

145-mm  API  BS41 

199905359 

2,914 

P 

3.1-5 

145-mm  API  BS41 

199905364 

2,915 

P 

3.1-5 

145-mm  API  BS41 

199905368 

2,920 

P 

3.1-5 

145-mm  API  BS41 

199905369 

2,928 

C 

3.1-5 

145-mm  API  BS41 

199905361 

C  | 

3.1-5 

145-mm  API  BS41 

199905366 

2,941 

c 

3.1-5 

145-mm  API  BS41 

199905365 

2,945 

c 

3.1-5 

145-mm  API  BS41 

199905363 

2,954 

p 

3.1-5 

145-mm  API  BS41 

199905360 

2,955 

c 

3.1-6 

145-mm  API  BS41 

199905377 

2,887 

p 

145-mm  API  BS41 

199905379 

2,890 

p 

3.1-6 

145-mm  API  BS41 

199905375 

2,895 

p 

3.1-6 

145-mm  API  BS41 

199905374 

2,903 

c 

3.1-6 

145-mm  API  BS41 

199905376 

2,906 

p 

3.1-6 

145-mm  API  BS41 

199905370 

2,920 

p 

145-mm  API  BS41 

199905373 

2,929 

c 

3.1-6 

145-mm  API  BS41 

199905378 

2,932 

c 

3.1-6 

145-mm  API  BS41 

199905371 

2,943 

c 

3.1-6 

145-mm  API  BS41 

199905372 

2,945 

c 

145-mm  API  BS41 

199905380 

2,921 

p 

3.1-7 

145-mm  API  BS41 

199905389 

2,924 

p 

3.1-7 

145-mm  API  BS41 

199905387 

2,925 

c 

3.1-7 

145-mm  API  BS41 

199905384 

2,928 

p 

3.1-7 

145-mm  API  BS41 

199905388 

2,932 

c 

3.1-7 

145-mm  API  BS41 

199905383 

2,935 

p 

3.1-7 

145-mm  API  BS41 

199905382 

2,955 

p 

3.1-7 

145-mm  API  BS41 

199905381 

2,958 

c 

3.1-7 

145-mm  API  BS41 

199905385 

2,981 

c 

3.1-7 

145-mm  API  BS41 

199905386 

2,985 

c 

3.1-8 

145-mm  API  BS41 

199905393 

2,902 

p 

3.1-8 

145-mm  API  BS41 

199905398 

p 

3.1-8 

145-mm  API  BS41 

199905399 

p 

3.1-8 

145-mm  API  BS41 

199905397 

2,910 

p 

D  is  disallowed. 


Table  B-l.  Individual  Test  Shots  for  Developing  the  V5o  Acceptance  Tables  (Continued) 


Sample  No. 


Projectile 


Round 


Striking  Velocity 


3.1-8 


-8 


-9 


3.: 


3. 


3.1-9 


3. 


3. 


145 -mm  API  BS41 


145 -mm  API  BS41 


145 -mm  APIBS41 


145-mm  API  BS41 


145 -mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  APIBS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 
145-mm  APIBS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 
145-mm  API  BS41 


145-mm  API  BS41 
145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 
145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


145-mm  API  BS41 


199905391 

199905395 


199905392 

199905394 


199905396 


199905390 


199905409 


199905403 


199905402 


199905406 


199905404 


199905405 


199905400 


199905407 


199905401 


199905408 

199905706 


199905707 


199905713 


199905712 


199905710 


199905717 


199905716 


199905715 


199905714 


199905711 


199905718 


199905709 


199905708 


199905724 


199905726 


199905725 

199905723 


199905722 


199905729 


199905727 


199905721 


3,295 


3,315 
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Table  B-l.  Individual  Test  Shots  for  Developing  the  V50  Acceptance  Tables  (Continued) 


Projectile 


Round 


Striking  Velocity  |  Penetration 


mm  API  BS41 
mm  API  BS41 


mm  API  BS41 


mm  API  BS41 
mm  API  BS41 


mm  APIBS41 


mm  API  BS41 


mm  API  BS41 


mm  API  BS41 


mm  API  BS41 


mm  API  BS41 
mm  API  BS41 


mm  API  BS41 
mm  API  BS41 


mm  API  BS41 


mm  API  BS41 
mm  API  BS41 


mm  API  BS41 
mm  API  BS41 


mm  API  BS41 


mm  API  BS41 


mm  API  BS41 


mm  API  BS41 


mm  API  BS41 


mm  API  BS41 
mm  API  BS41 


mm  API  BS41 


mm  API  BS41 


mm  API  BS41 


mm  API  BS41 
mm  API  BS41 


mm  API  BS41 


mm  API  BS41 


mm  API  BS41 


mm  API  BS41 
mm  API  BS41 


mm  API  BS41 


199905728 

199905720 


199905719 


199905739 

199905740 


199905743 


199905741 


199905742 


199905738 


199905735 


199905733 


199905737 


199905736 


199905731 


199905734 


199905732 


199905730 


199905745 


199905744 


199905746 


199905753 

199905751 


199905752 


199905748 


199905749 

199905747 


199905750 


199905763 

199905762 


199905764 


199905761 


199905755 


199905760 


199905759 


199905754 


199905758 


199905757 


3,318 


3,331 


3,272 

3,279 


3,300 


3,339 

3,347 


3,353 


3,367 

3,384 


3,282 


3,290 


3,335 


3,341 


3,343 


3,348 

3,353 


3,358 


3,292 

3,294 


3,346 


3,353 

3,353 


3,380 


Table  B-l.  Individual  Test  Shots  for  Developing  the  V50  Acceptance  Tables  (Continued) 


Projectile _ 


•nun  API  BS41 


■mm  API  BS41 


■mm  API  BS41 


-mm  API  BS41 


-mm  API  BS41 


■ran  APIBS41 


-mm  APIBS41 


■mm  API  BS41 


-mm  API  BS41 


-mm  APIBS41 


■ram  API  BS41 


■ran  API  BS41 


■mm  API  BS41 


-mm  API  BS41 


-mm  API  BS41 


•ran  API  BS41 


■mm  API  BS41 


■ran  API  BS41 


■ran  APIBS41 


-mm  API  BS41 


■ran  API  BS41 


-mm  API  BS41 


-mm  API  BS41 


-mm  API  BS41 


■mm  API  BS41 


-mm  API  BS41 


-mm  API  BS41 


-mm  API  BS41 


•ran  API  BS41 


-mm  API  BS41 


-mm  API  BS41 


-mm  API  BS41 


-mm  API  BS41 


-mm  API  BS41 


-mm  API  BS41 


-mm  API  BS41 


-mm  API  BS41 


Round 


199905756 

199905771 


199906064 


199905770 


199906065 


199905765 


199906066 


199905769 


199905767 


199905766 


199905768 


199906057 


199906061 


199906063 


199906060 


199905775 


199906062 


199905774 


199906059 


199906056 


199906058 


199905776 


199905777 


199906054 


199906052 


199906053 


199906055 


199905773 


199905772 


199906051 

199906047 


199905784 


199905783 


199906049 


199905778 


199905780 


199905782 


Striking  Velocity 
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Table  B-l.  Individual  Test  Shots  for  Developing  the  V50  Acceptance  Tables  (Continued) 


4-8 

145-mm  API  BS41 

199906050 

3,370 

C 

4-8 

145-mm  API  BS41 

199905781 

3,373 

C 

4-8 

145-mm  API  BS41 

199905779 

3,388 

C 

4-8 

145-mm  API  BS41 

199906048 

3,416 

C 

a  D  is  disallowed. 
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